Background
Heyde syndrome is the association between gastrointestinal (GI) bleeding from arteriovenous malformation (AVM) and aortic stenosis [1] . Von Willebrand factor (VWF) is assumed to be critical in the pathway for adequate (physiologic) suppression of angiogenesis. Patients with Heyde syndrome are assumed to be at increased risk for GI bleeding via AVM formation because of acquired von Willebrand syndrome resulting from mechanical destruction of von Willebrand multimers as they pass turbulently through the narrowed aortic valve [2] [3] [4] . GI bleeding is reported to improve in most patients after undergoing aortic valve replacement (AVR) and subsequent improvement in von Willebrand multimer levels [5] . In this case, we present our experience with this syndrome.
Case Report
A 56-year-old Caucasian female with a history of severe aortic stenosis, chronic anemia, and recurrent GI bleeding secondary to small bowel AVM diagnosed with capsule endoscopy, presented for hospital admission with melena, episodes of maroon blood in stool, and acute on chronic anemia with hemoglobin of 6.7 gm/dL (normal range: 11.7-15.5 gm/dL) and hematocrit of 20.9% (normal range: 35-45 gm/dL). The patient underwent esophagogastroduodenoscopy with push enteroscopy along with full colonoscopy with failure to identify any further AVMs or active bleeding sources. She also underwent mesenteric angiogram without identification of an active bleeding site. Her hemoglobin continued to drop, requiring daily transfusion of packed red blood cells (PRBCs). An echocardiogram showed severe aortic stenosis with aortic valve mean pressure gradient of 35 mm Hg, and aortic valve area (AVA) of 0.76. VWF antigen was low at 37% (normal range is 50-217 IU/dL), VWF ristocetin cofactor was low at <10% (normal range is 42-200 IU/dL), and VWF large multimers (high molecular weight VWF) were low and consistent with acquired VWF disease. The association of aortic stenosis, AVM, and acquired VWF disease made the diagnosis of Heyde syndrome. The patient was then transferred to a tertiary care center and had upper and lower double balloon enteroscopy with argon plasma coagulation/cauterization of several AVM areas, which included note and intervention of additional Dieulafoy lesion in the distal duodenum. After effect intervention for her small bowel bleeding, she then underwent transcatheter AVR (TAVR). Two weeks after discharge, she presented again with melena and maroon blood in stool, and she was found to have acute on chronic anemia with hemoglobin of 7.6 gm/dL and hematocrit of 25.1%. The patient was transfused with 4 units of PRBCs and monitored for 48 hours, then she was discharged without further episodes of melena or maroon blood in stool, with stable hemoglobin of 9.2 gm/dL and hematocrit of 30%. A repeat echocardiogram showed the aortic valve was a bioprosthetic Edwards, post TAVR with aortic valve mean pressure gradient of 24 mm Hg without regurgitation. The patient's 1-month follow-up showed stable hemoglobin at 14.4 gm/dL with no further episodes of GI bleeding. The patient's 3-month follow-up showed VWF antigen level was low at 38% (normal range is 50-217 IU/dL), VWF ristocetin cofactor was low at 14% (normal range 42-200 IU/dL), and VWF large multimers (high molecular weight VWFs) were low. The patient's hemoglobin was stable at 15.1 gm/dL without further episodes of GI bleeding. At the 6-month follow-up, she had stable hemoglobin at 14.3 gm/dL without further episodes of GI bleeding.
Discussion
In 1958, Heyde described the association between GI bleeding and aortic stenosis [1] . After that, the Heyde syndrome definition has been revised to include aortic stenosis, intestinal angiodysplasia, and acquired VWF syndrome. Heyde syndrome has been frequently reported, but some aspects of this rare syndrome are still debatable and controversial. Although VWF is assumed to suppress angiogenesis, the causal association between decreased VWF and increased angiogenesis remains limited and contentious in patients with acquired VWF [4] . The proposed mechanisms by which VWF regulates angiogenesis may include modifications in integrin-mediated adhesion and vascular endothelial growth factor receptor signaling, which may alter numerous stages of blood vessel formation [6, 7] . Cody et al. proposed that ischemia induced by low cardiac output state and low perfusion state from aortic stenosis results in the formation of angiodysplastic vessels and induce epithelial damage, which results in bleeding from these vessels [8] . What contradicts this proposal is that low cardiac output secondary to mitral stenosis has not been associated with increased risk of GI bleeding [9] . There have been only a few case reports suggesting AVR to treat GI bleeding from AVM in patients with Heyde syndrome, and their number and follow-up duration were limited [10] . One report evaluated 16 patients with chronic GI bleeding, presumed to be secondary to AVM who underwent AVR for aortic stenosis. During 8 to 12 years of follow-up, GI bleeding stopped in 15 patients [5] . Thompson et al. reported improvement in GI bleeding in 80% of the patients with Heyde syndrome after AVR [11] . In our case, the patient underwent a successful AVR, and she presented with an episode of GI bleeding 2 weeks after the AVR procedure. But, follow-up at 1-month, 3-months, and 6-months after the AVR showed stable hemoglobin with no further episodes of GI bleeding after the single episode 2 weeks after the AVR. Gul et al. reported a case of Heyde syndrome with resolution of GI bleeding from angiodysplasia at 2 months after an AVR [12] . Shibamoto et al. reported another case of Heyde syndrome with continued melena and monthly blood transfusions until resolution of GI bleeding from angiodysplasia, at 20 months after an AVR [13] . In our case, we described resolution of GI bleeding from angiodysplasia, at 2 weeks after an AVR. VWF antigen and VWF large multimers levels may take time to improve after an AVR. A study enrolled 50 patients with aortic stenosis who have a history of bleeding. Forty-two of the 50 patients who had severe aortic stenosis underwent AVR and showed a significant improvement in biologic values, including VWF antigen levels and VWF large multimers levels observed at 6 months after the AVR [2] .
Conclusions
Physicians need to be thoughtful and consider Heyde syndrome in patients with aortic stenosis and GI bleeding secondary to angiodysplasia. Physicians should also to be vigilant in patients with Heyde syndrome presenting with GI bleeding after undergoing AVR, as GI bleeding might take time to resolve completely in these patients, assuming they had a successful AVR.
